<i2)wi*ffiaft*&i=at-3^T»M4*ifcHi*m« 



(19) ta#*nWf3T**t«H 



(43) sms&MB 

2002 ^12 £ 12 H (12.12.2002) 




(10) BH&ftBHS* 
WO 02/099901 Al 



PCT/JP02/05431 
2002 ^6fl3 B (03.06.2002) 



(51) SBgftffttfeT: 
(21) HfigfcHfiiS^: 



(22) S^tBllB: 



(25) mmmmcD-mm: 



(30) ffiftltf 1 -^: 

*$JSI2001 -167835 2001 *f6 £ 4 B (04.06.2001) JP 

(7i) tamx (*m%&<±T<Dmjzmi~-o^T): 

fififtit^tt (TOYODA GOSE1 CO., LTD.) [JP/JP]; f 
452-8564 8jEH»B#H#S»Blllr*?Sl'^*ft«B 

1 s±a Aichi (jp). 
■ (72) mm-, 

j (75) SPJ3#/ffiJiIA O L\ T ±tt (UE- 

: U i iv I IPJ: t 452-8564 gjfllt E#B# 

i F*5 Aichi (JP). 



H01L 33/00, 21/28 (74) ftIA: SStB S (TAKAMATSU.Takeshi); t 107-6028 
IWllPJiB *«-T@ 1 2f32f7-5St*ib 
" 3 Pg SLftftVfm&ffi Tokyo (JP). 



(81) fifcm (M ft): AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM,HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ. NO, NZ, 
OM, PH, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ. TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 2M, ZW. 

(84) H^ffl (j£«J: ARIPO ft If (GH. GM. KE, LS, MW, 
MZ, SD, SL, SZ, TZ, UG, ZM, ZW), a-? •> 7 ft ft 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 - □ y 
§<r (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE, TR), OAPI ftif (BF, BJ, CF, CG, 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

2X^3-Kat;ftfi0ISBI=o^Tlts J£mm?r£ii& 

&pcTjWy hommizmmztixi^ r 3 -Kti§fs 



= (54) Title: METHOD FOR MANUFACTURING GROUP-HI NITRIDE COMPOUND SEMICONDUCTOR DEVICE 

HI (54) sew©***: iimmt^mt%^*mwm=f-o>m'i&?5 i & 



Q\ (57) Abstract: After forming a p-type pedestal electrode forming layer 

O heat treatment steps for alio}' ul i c , ,c- ;rc performed. Heal t 

f-g| low temperature in an atmosphere containing oxygen, and heat ti 

O high temperature in an atmosphere containing no oxygen. 



m a translucent electrode forming layer, first and second 
n the first heat treatment step is performed at a relatively 
the second heat treatment step is performed at a relatively 



O 



WO 02/099901 Al I UliB llllllll II liijll HUHjiiili III Hill lilli Ulli illlilllll llillHiiil lllf llli llll 



(57) Wfft: 



WO 02/099901 



PCT/JP02/05431 



w m » 

in mmm^tt^m^mim^om^m 

^q^c^Ts oo-eo o°c©as«i^t5 0 rtL.^i^, 

*M#b«*M^J;;M, l£« ■ttrMtUt&^T 5 o o 0 cm±cr)SJ\^S 

mmmmtrnm-, p^mmm-hm^mmm^mMvxifm^th^ 



WO 02/099901 



PCT/JP02/05431 



m 2 ©^js^ffjfflm i (ommm<D±Kmm Lxm 2 ©m^»5iw 
nut, 

Jl«»l£*£^ £^#ffl^&v>Tmsi§ 1 ©ig.it J; <9 Bj^Jfj 2 ©tag-? 

sr^tf N in mmm^^m^mtm^^mm^m, 

zcomm commxfeKzin&n 1 oin ^2 ©in t ^sn u^^i 

M©»ftiM 

m 2 ^^©^^^^©^^©jiw^^mp^-r-So 
m w % mm i~ § tt & © a & © ^ n 

(in K^b«te^W^#©M) 

r.©M»M^r, iiiKS{bt)^'fb^jWfr«-SS:i lta i x g a y 

In 1 _ x _ Y N (O^X^l, O^Y^l N O^X + Y^l) T*g£tk A IN, 
GaNWlnNWp^52^| N A 1 x G a 1 _ X N, A 1 x I n 1 _ x N&T*G 

2 



WO 02/099901 



PCT/JP02/05431 



a x I n X _ X N (&,±.\Zio\^X 0 < x < 1 ) <D\^t>ty% 3 ^Stt 5 0 III K 
5c*04>%< i t>— '^Sr7t?n> (B) s * JJ -7 A (t 1 ) ifttLX'[)S<, S: 
fc N SS? (N) <D&t£< t fe-S5t>U ^ (P), tSi (As), (S b) N 

tf*^* (Bi) iT«T't5 0 III ^gftt)^fk^W^«MEoK- 

h Sr£tf&<Z>-C&oT&&V\, ni^Fgfti LT, S i , G e , S e , T 
C^$rfflV>5^i^T?#5 0 pS^Mfet LT, Mg % Zn s Be, C a s Sr N 
Ba§^^§ri^^§ 0 frfc, pl^»^ K-^Lfc^t III®^» 

s&fiJtSS: (MBES), ^7^f KtffiMfe (HVPE?£), 
3 



WO 02/099901 



PCT/JP02/05431 



mm (o ^ m a* mmm © %m w <d ^ m u t & & l t v n 5 „ © %m g 

lsL< 14, |gl«fet©«J5£5t»^ -y^MNiK h (Co), ££(Fe) N 

0(Cuk ^cA(Cr), £y*/WTa) % /^S^A (V) % v^#>-(MnK T^$ = !) 
A(A1) N tl(Ag)© 5 V>&< £ t,— ffl©5clflT*fc -t^JglffHO. 5-1 5 n 
m^tSo l2fil©iijciH, a* 7 ^ £ A (Pd) > dfe(Au) % -T U v^-Mlrh 
e^(Pt)© 5 V>&< i: h 1 ®07C^T*fe *3 h ^(DfMW-ns. 5~2 5nm£-f 
§ 0 ft%S^ L < it, i! 1 «SH^«5S*{i Co vh D , H 2 «M©#!^ft 
f±Aui?fo5 0 MS^J;>9, ¥*ft©a®a»fe&$#fc©:5n*& 

* ft, Co i H Au « < as L i: ft 5 c 

(p^ffifgoiP^) 

p nmmm <d %mm\ t # ^ ps s £ ft 5 1> © i± # v m*. &tw & & m 1 

IXC rll, f£2&jgjfi UTAuJI&TJ*f!3&JiJi t UA 1 Jf£r)I[f 
Wb^x^y-y^MSv^Sf it"^ if 2 co^jlJiiiA 1 Xf± Au t©/fi>rV 

A(Crh ^i^/KTaK /^v^-MVK ^^XMnK = b (Co) ©5%^ 
ft< i &-«©7g3?-?&*> % -^(DjjfJTOl~ 3 0 0 nmt'^o 

isKtt, mz&mmofflj&Tcmfc, 7/^^ mad, -y^vWMh f- 



WO 02/099901 



PCT/JP02/05431 



p 418] £ P & Mm® t m -to im— ^ «t & 5 ^ t 2$ % 

p t;H fi 5f®f4 7 -Y i" &MI £fl X 21? ^ ^-f 5 fc ft ft Mfl £ 
ffioiiI5ii-4 0 vmb-t%Zkmj%L\<\ Mi--0^L< I* 2 ~ 3 0 umXfo 

p & & & / x & p Mibttfli© m k. m & % m n x , a «mn t © m © 

i: UTte, o 2s o 3 , co, co 2 , no, n 2 o, no 2 , x«\ H 2 o©/>ft< HilXiiin 
&©^#*£ffi^Sr.i:;3*-t*£5 0 Xfts 0 2 , 0 3 , CO, C0 2 , NO, N 2 0, N0 2 , X 

ft, h z o ©4>ft <h li^iSft^ i o?i^^fx N xft, o 2 , o 3 , co, co 2 , no, 
n 2 0, no 2 , Xtt, H 2 o i ^i&t£# * £ oil^^^ ^ 5 r i: 5 D 

5 



WO 02/099901 



PCT/JP02/05431 



»Sfig«:4 4 0°C^ii:i-?) ~ LV\ »S?M^4 4 0°CJ^± 

i:^5i,»^liM^^C5*3^tl^fcSoM^^* LV^W«tt4 2 0°C 
ifeircfc 9 N L< !+4 o Q°C^mT*h% 0 

fmmnww^s m 1 otsi t n 2 ©®m t oia^^-r ^ 3 z 
i$^%^b^%mtm-mi£tstiti^, 5^~i 00 oftk-tzztJimt: 

3 0 0^-C-fo^ o 

(SI 2 oi^iisoiPi) 
»Sti.^tt^i(D«axgB^^MS?MJ:^S<i-5 0 r^-J;^ m 

mat ©rat:::*— $ y^a^^^ b aftt^cin-^^itii^i^Fi 

6 



WO 02/099901 



PCT/JP02/05431 



«iffl«tt 0 , I^~i80^i:t5^i: Li\ ||^^ t < f± s 0 . 



-<mm\> 

if : « 

pMii5 : p-GaN:Mg 

mt-t^m^tsm 4 : 1 no^Nm^ttsm 

n MS 3 : 11 — G a N : S i 

y 7 t M 2 : A 1 N 

1 : 
SKI ©±t}^j/7 7l 2 HUnI/F»US i £ K~7°LfcG a N 
H*5nH3S:MLfc„ ^TJ\ g& 1 \Z.\X^-y T ^ T M V^c^\ 

{bM#p\ y Wb#y Mbyy i^^^n, iftvy^/y, m 

lNSr^TMOCVDS T'r« $ ft § ^ - ft Pg^ $ fi 5 £ £ H ft < N $m i 
LTflG a N s I nN % A 1 G a N, I n G a N&UA 1 I n G a N^£Hf^5 
7 



WO 02/099901 



PCT/JP02/05431 



-itnliiiG a N«bfc^\ A 1 GaN N I n G a N3^ L < ft A 1 I 

LT\ Ge, Se, Te N C#^r^ V N 5 £ <5„ 

n MS 3 ft^i" 5 Jf M 4 ftlJO n -Ji i ^ y 7 7 * 2 flflOffi 

l^t?)i^tfl4ttpll 5 ©ffli:?^V!)A#07^t^^ K-7° 
Lfc^>- K^-t yV©/SV> III ilttlM^fri^tf; HT't5 0 

5 pif® 5.£r^$Lfc 0 r©piIiiAl GaN, I n G a NXIi I nAl Ga 
Nit5rHt§5, pIMilTftZn, Be s C a „ Sr. B 

H^-A^g^p 2iiffi5ti:i-S^ tiST#5c 

iiatM(9-f)^V Kfc*i^T % # III 
&^ t^frTMO C VD ^Ifr UT^t 5 *\ (MBEfeh ^ 

KS^*gJ&Kfe (HVPEl), *>*y*$fex ^JrV-fv-j-j yjffe^ 
8 



WO 02/099901 



PCT/JP02/05431 



1 1 «|±1$« 0 

t^M, 0 2 SrgSrflg Lft#Sfe, 6 ORUp ^SIWI 7 0 

*f, $*.^<D-£m\^ MMBW.\zx, % 1 <DWmM t LTOC o| (1. 5 

nm) 6Ui2©liStLt©AuI ( 6 0 n m) 6 2 ■%m&ftM't%> 0 & 

V'^ ^S^i^Ki ^^WiP^©S3fettl:»^«-»6 1,6 2 

i^l^ !? 7 h*7m-& Crl (30nm) 71 N Auf (1. 5/un) 
7 2 TbXfiA 11 ( 1 0 n m) 7 3 ^WW/mmMM It p &0SS;«$l§ 7 0 



9 



WO 02/099901 



PCT/JP02/05431 





o 


0 


o 


o 


o 


0 


o 


O 


< 


o 


O 




o 


o 


o 


0 


o 


0 


o 


0 


< 


o 


O 


^33 -R 


§ 


§ 


§ 


g 


g 


§ 


o 
o 


o 
o 


o 
o 


o 
o 


o 
o 


n a-^-o 




















\m 




CO 

sn 

H 
1 






r~"~ 




















1 
























li 
























1 e 
























s 

H 
Si 




1 


z 








z* 










z 


1 




* 

I 


! 




1 




£ 


i 








II 


o 


o 










1 








8 




1 


§ 


% 


1 


i 


1 


1 


1 






1 


S 

gil 






?" 


z" 


a 








£ 


z N 


1 


"V 


r 




& 




? 
5 


I 


% 




? 


? 




■I 
- 


li 






o 


o 


° 




CO 


CO 


CO 


CO 




se 




1 


1 


§ 


§ 


1 


i 


I 


1 


1 


1 




i§ 

flK 


w 
1 


m 
1 


m 


m 
m 


m 
m 


I 


1 


I 


s 


is 



10 



WO 02/099901 



PCT/JP02/05431 



mi\^\^x s m-mmmnu mm^^mm^^xmmi&ux(D 

O N ^ t ^ y ^^ ?m±]k W«lt£ & t t> fcfa ± 1 5 t # fl> 5 0 
o (Jt«4 2#fi) 0 

m-r s i 5 = ^ ^ b < * § 1 355 fc,^ § (ft&fli 3 #fi sj o 

*tom&s 2 0 0 1^6 M 4 0»0«ffll (#12 0 0 1 - 1 6 7 8 
3 5) !:l^<t)Ot^.^ ^©h^(i^r^#ps^ LTW&*ti5 0 

&±!8K Ufc J: 5 :o|g?iTftit5 2 f^<z>»a£li?Tl-;M N in 

&#tft Loop ^mS©^®^^ ^ tiTitli 7 ^ t OS^^fft 

11 



WO 02/099901 



PCT/JP02/05431 



Ti"5 £ t &5fc&K|£itT-t So 

- ©B w te, ±ib^ ^ ©^t^ra&t/ii/f m ©m m ps^: ^ ^ 5 © t 

11 III ^!I{bMfb^«*f fr^ £> ft 5 p Ml i\ 

^pii©±iM$tLTii ©^m^tpjgi ©siix^n ©sua© 
fit, 

12 ttftami©^^ax3fi©^^MB^2oMaxm^^fT^ris, in; 

1 3 ittrtafg 2 ©Maxg©fjHcpisii 1 0D#&*asxm^iifT$H5> 1 1 k 

14 ttifa^i ©«fi4 4 o°c«Tfc5, i i-i 3 ^TfrLfriBgc©M 

11-1 4OV^T : ^^^rd$^©M«^ 0 

16 mmmm7rmT.ma^pi^mmtmwmi-^T.m>m^^ti^, ii~ 

17 ftfjiaf? i ©^Jitt^v^ h Ceo) ^h'Os mm^2(T)&mte& (Au) 

12 



WO 02/099901 



PCT/JP02/05431 



6 N 11-16 Wf hfrKftM<D%M®m%& e 

21 in mmt'^w^m^MW-^b^^ pM®c>±^ gg i w^ji^tp^ 

^srw^sfeif sr-^*^v^#H^^fev^TfrfBM i cfiii 9 itj^as 2 ©ait-em 
^s^-r§ig 2 ©i^iii, 

22 mm%i om^i:mcom^mmm2 0m^mi:n^mn^fi^, 2 it 

IBiK© III RM^^ft-^t)¥^*-7-o 

2 3 ttiB® 2 oaiin©i tmiBm 1 ©m^3ixm^^T§tL5, 2 1 
12*^ in Mmm^it&m^mw-m*, 

2 4 ttifan 1 <DM.&fc 440 °c*$tT*fo 5 s 21-23 wTft^ia*© HI 
21-24 wf fta^BBife© in ^gf^Mfbi^#j^#:it^ 0 

26 stiHmw^xgt^p^jsm^i^^-rsxm^Ht'a^^s, 21- 

2 5 ©v^-ffri^tciBft© in KlSlbMlb^Wif fr*^ 

27 Mmmi(D&mte^svvh ceo) T&t), tuiEH2©^m«^ (au) 

5 S 2 1-26 ©Vvf ftfl>fc:fB4fe<E> III Jllftftlft^ftfl**?, 



13 



WO 02/099901 



PCT/JP02/05431 



it * cd m m 

^1- 3 is 2 o & ^ & ireis 1 © mffiii <d ± ^aa l t & 2 © 111 * 
e«j&x®i:, 

Si:, 

MS^-tSU 2 > , 

3 . ittriaf! 2 ^«SXfl©^tRffIsm 1 oWHi5^^5, If 
4. g&IBJSl tf>M»4 4 0°C*^-i?&5 N |t*©t£Smi5tE«4W III 

rL5, tst©®ii 1 mz-tmo in Kgft^^ft^^^^cSit^feo 
e . mmm 2 otss 4 4 0 °cu.t-x:'h%, it^^tEism 1 ^tef^ in 

7. SfiiamWi^xm^fip^MSS^B^i-SXfl^M^^^tb'S^ it 

14 



PCT/JP02/05431 



(Dmmm 1 *f ties© in iiftfe^^fe^i^wii^ 



15 



WO 02/099901 



PCT/JP02/05431 



FIG. 1 



11 r 
Si 



FIG. 2 



Co 



70 



-73 
-72 
-71 



-62 
-61 



1/1 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 1 H01L33/00, H01L21/28 



na] Patent Classification (IPC) or to both n 



International application No. 

PCT/JP02/05431 



al classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L33/00, H01L21/28 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyc Shinan Koho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document 



where appropriate, of the relevant passages 



Relevant to claim No. 



JP 10-209493 A 
US 2001-18226 Al 
KR 98042947 A 



EP 845818 A2 (Toyoda Gosei Co., Ltd.) 
03 June, 1998 (03. 06.98) , 
Full text; all drawings 
& JP 10-163529 A 
& JP 10-229219 A 
5 US 6291840 Bl 
S TW 362292 A 

JP 2000-12899 A (Nichia Chemical Industries, Ltd.), 

14 January, 2000 (14.01.00), 

Full text; all drawings (Family: none) 

JP 2001-15811 A (Toyoda Gosei Co., Ltd.), 

19 January, 2001 (19.01.01), 

Full text; all drawings (Family: none) 



f"x"j Further documents are listed in the 



| | See patent ft 



h x. i t I <_ it di i jiiuib 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

'L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'O" document referring to an oral disclosure, use, exhibition or other 



later document published after the international filing date or 
priority date and not in conflict with the application but cited 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
document of particular relevance; !he claimed in 
considered to involve an inventive step when the 
combined with one or more other such documen 
combination being obvious to a person skilled in 
document member of the same patent family 



Date of the actual completion of the international search 
21 June, 2002 (21.06.02) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 

Form PCT/ISA./210 (second sheet) (July 199S) 



Date of mailing of the international search report 
02 July, 2002 (02.07.02) 



Authorized officer 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/05431 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



Tomoyuki MAE DA et al . , "p~gata GaN ni Taisuru 
Ohm-sei Denkyokuzai no Sanso Anneal Koka", 
The Institute of Electronics, Information and 
Communication Engineers Gijutsu Kenkyu Hokoku 
22 July, 1998 (22.07.98), Vol.98, No. 185, pages 
89 to 94 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



mmmm^ pct/jpo2/0 54 3 i 



a. ?§mvm-tzftm<vftm mmm^m (ipo ) 

Int- CI. 7 H01L 3 3/0 0 H01L 21/2S 



mtezftvitft/mjOR mm&v&rm. (ipo ) 

Int. Cl. 7 H01L 3 3/0 0 H01L 21/28 



B *BHfflfT^$ft 1922-1996^ 

H*B^W^fflrr^# 1971-200 2fc 

B#HS»3Sffiilr36&$R 1 9 94-2 00 2^ 

0#H0Sfll$r£SSWifft 1 9 9 6- 2 0 0 2^ 



EP 845818 A2 (TOYODA GOSEI CO. , LTD) 1998. 06. 03 ±X, £M 
& JP 10-163529 A & JP 10-209493 A & JP 10-229219 A 
& US 2001-18226 Al & US 6291840 Bl & KR 98042947 A 
& TW 362292 A 

JP 2000-12899 A(f3M^lStfe^±)2000.01.14 ±jt, ±& 



r ' ^ jj^ssftfefc© rxj W^Bl3t«5fc5XiftT?fcor, ssfcsaft©;^^ 

roj p«fcJ;5|JB* N ftffl, sXiR ioTSi^tfe&sfcv^s.s.frSfc© 
rpj ffll^fctlSBM-C\ 3&»oflE5fet|o^aiW«»i:*5ffiB r&j ^-/<f^h7r5!)-X»t 


2 1. 0 6. 02 


n^sfs^©i§aiH 02 07 02 


B^HWfFff (I SA/J P) 
BffiS-?- 100-8915 


flWWfcSPB' («©&?>!tm) 2K 9 8 14 
SISS-^ 03-358 1-1 101 F*9iM 3 2 5 3 



SSPCT/ISA/2 10 (12^-^) (1 9 9 8^7^) 



mmmmm Immmm^ pct/j po 2/0 5 4 3 1 


C (§S#) 










13211-5 


A 


JP 2001-15811 A(&ffl£j«^fcb)200L01.19 £X £H 


1-8 


A 


/^Hj ,i^'lffI{f#^Kfi« 1998.07.22 
Vol. 98 No. 185 p. 89-94 


. 1-8 



MPCT/ISA/2 1 0 (SS2^-^Ott#) (1 9 9 8^7^) 



